Laparoscopic adrenalectomy is one of the most clinically important advances in the past 2 decades for the treatment of adrenal disorders.
T
HE LAPAROSCOPIC APPROACH to removing the adrenal gland was first reported in 1992 (1, 2) and it has rapidly become the procedure of choice for unilateral adrenalectomy when the adrenal mass is less than 8 cm in size and there are imaging findings to suggest malignancy (e.g. invasion of contiguous structures) (3) . When compared to open adrenalectomy, the laparoscopic approach is associated with shorter postoperative recovery time and less long-term morbidity (3) .
In a review of 2,550 laparoscopic adrenalectomy procedures reported in the literature, the most frequent adrenal disorder operated laparoscopically was aldosterone-producing adenoma (36.2%) followed by cortisol-producing adenoma (19.1%), apparent nonfunctioning cortical adenoma (18.2%), and pheochromocytoma (18.0%) (3) . However, patients with corticotropin (ACTH) dependent Cushing's syndrome who have experienced failed attempts to remove the ACTH-secreting neoplasm (pituitary or ectopic) are also ideal candidates for one-stage bilateral laparoscopic adrenalectomy (4) (5) (6) . The types of Cushing's syndrome that can be treated with laparoscopic unilateral or bilateral adrenalectomy are summarized in table 1.
ADVANTAGES OF THE LAPAROSCOPIC APPROACH
The surgical approach to adrenal was revolutionized with the introduction of the laparoscope. Although laparoscopic adrenalectomy is technically more demanding to perform than conventional open posterior adrenalectomy, it is associated with shorter hospitalization, less morbidity, and earlier return to daily activities (3, 6, 7, (8) (9) (10) (11) (12) . Conventional open adrenalectomy -by the anterior or posterior approach -requires a large incision to gain access to a relatively small gland. In addition, the incision used for posterior adrenalectomy, with its associated twelfth rib resection and subcostal nerve retraction, has been associated with incisional and musculoskeletal problems that may persist long after the operation (6, 13) . These incisional problems are especially pronounced and severe in patients with Cushing's syndrome because of poor wound healing, laxity of the abdominal wall, and obesity associated with the condition (14) (15) (16) (17) . An abdominal CT scan of an adrenal cortical adenoma in a typical patient with Cushing's syndrome treated with unilateral laparoscopic adrenalectomy is shown in figure 1 .
Bilateral laparoscopic adrenalectomy
Bilateral laparoscopic adrenalectomy is an excellent treatment option for patients with ACTH-dependent Cushing's syndrome after failed pituitary surgery or when the ACTH source cannot be resected or localized in patients with ectopic ACTH syndrome (5, 18, 19) . Bilateral laparoscopic subtotal adrenalectomy is indicated in patients with bilateral cortisolsecreting adenomas (20) . When compared to the open approach, bilateral laparoscopic adrenal surgery is associated with much less tissue injury in patients who are immunocompromised and/or are predisposed to delayed wound healing. An additional advantagebecause of the magnification -is better visibility of the surgical field, thus decreasing the risk for retained remnants and adrenal rest tissue.
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Arq Bras Endocrinol Metab 2007;51/8 Figure 1 . Abdominal CT scan from a 36-year-old woman that presented with hypertension, 14 kg weight gain, easy bruising, proximal muscle weakness, and poor wound healing. Laboratory studies showed elevated serum cortisol concentrations that lacked diurnal variation, undetectable serum ACTH, increased level of 24-hr urinary free cortisol (241 mcg; normal = 5 to 55 mcg). CT scan of the adrenal glands showed a 3.4 x 2.5 cm left adrenal mass (arrow). At laparoscopic left adrenalectomy a 3.5 x 3.0 x 2.5 cm cortical adenoma was found. Two days after surgery the serum cortisol concentration was undetectable. The patient was dismissed from the hospital on the second postoperative day on temporary glucocorticoid replacement, and her signs and symptoms of Cushing's syndrome slowly resolved. 
Unilateral adrenalectomy
Cortisol-producing adenoma Bilateral partial adrenalectomy Bilateral cortisol-secreting adenomas Asymmetric ACTH-independent macronodular adrenal hyperplasia (AIMAH) Bilateral adrenalectomy ACTH-independent Cushing's syndrome caused by primary pigmented nodular adrenal disease (PPNAD) or AIMAH ACTH-dependent Cushing's syndrome that failed attempts at removal of ACTH-secreting tumor (pituitary or ectopic) ACTH: corticotropin, AIMAH: ACTH-independent macronodular adrenal hyperplasia, PPNAD: primary pigmented nodular adrenal disease.
Although transsphenoidal surgery for resection of an ACTH-secreting pituitary tumor is the treatment of choice in patients with pituitary-dependent disease, this surgery is not always successful (21-23) because the pituitary adenoma may invade areas that are not surgically accessible (e.g., cavernous sinuses). Other corticotrope adenomas may be so small that they escape detection and resection at the time of pituitary surgery. Thus, transsphenoidal surgery for pituitarydependent Cushing's syndrome is associated with a 20% to 40% failure rate (24) (25) (26) (27) . Because reoperation in these patients carries an increased risk of causing panhypopituitarism, bilateral adrenalectomy has an important therapeutic role in this setting.
Radiation therapy to the sella is not an optimal therapy for Cushing's disease because its onset of action is slow and the failure rate is unacceptably high (28) . The main side effect is some degree of pituitary insufficiency (29) . Because bilateral laparoscopic adrenalectomy results in immediate cure of hypercortisolism, the role of pituitary irradiation should be limited to those that demonstrate pituitary tumor growth following bilateral adrenalectomy (Nelson's syndrome) -in this setting sellar radiation therapy or gamma knife radiosurgery are used to prevent a locally invasive pituitary tumor from further encroaching on surrounding structures. However, the clinician should recognize that a fear of Nelson's syndrome should never dissuade proceeding with a definitive cure for Cushing's syndrome.
Patients with the syndrome of ectopic ACTH secretion often have an unresectable or occult source of ACTH secretion (30, 31) . In these patients, the metabolic manifestations of cortisol excess may appear suddenly and progress rapidly. However, most patients with clinically evident ectopic ACTH syndrome have more indolent tumors, such as bronchial or thymic carcinoid tumors, islet cell tumors, or medullary carcinoma of the thyroid (31) . Carcinoid tumors that secrete ACTH may not be apparent even with careful radiological investigation and may take up to 20 years to localize (31) . When the source of ACTH is unresectable or occult, bilateral laparoscopic adrenalectomy is a life-saving treatment option because of the minimal morbidity associated with the procedure, especially when compared with conventional adrenalectomy (5, 18, 19) . Laparoscopic adrenalectomy is also superior to medical therapy in regard to tolerance, efficacy, and safety (19) . Bilateral laparoscopic adrenalectomy offers improved quality of life and palliation of hypercortisolism-related symptoms even in patients with disseminated, untreatable malignancy (18) .
Long-term medical management of Cushing's syndrome is not an optimal treatment option. The adrenal enzyme inhibitors, aminogluthetimide, metyrapone, mitotane, and ketoconazole, are the pharmaceuticals used most often to treat Cushing's syndrome medically. However, complete blockade of adrenal steroid synthesis is typically achieved only transiently; ACTH levels usually increase and override the blockade -leading to additional increases in the dosage of the enzyme inhibitor. The frequency of patient intolerance and side effects (e.g. liver enzyme abnormalities) of these medications is high and few patients are able to tolerate long-term therapy with aminogluthetimide, metyrapone, mitotane, or ketoconazole.
Since the description of laparoscopic adrenalectomy in 1992 (1,2), multiple centers have described their experience with bilateral laparoscopic adrenalectomy for the treatment of Cushing's syndrome (3) (4) (5) (32) (33) (34) (35) (36) (37) . Increased experience with the technique has resulted in a decreased conversion rate to open adrenalectomy as well as decreased complications. At our center -between January of 1995 and October of 2006 -bilateral laparoscopic adrenalectomy was attempted in 68 patients with ACTH-dependent Cushing's syndrome (26, ectopic ACTH syndrome; 42, persistent pituitary-dependent Cushing's syndrome following pituitary surgery) and was successfully completed in 59 of 68 patients (87%); 9 (13%) required conversion to open adrenalectomy (5). Intra-operative complications occurred in 3 patients (4.4%) and non-operative complications occurred in 11 (16%) patients. There were no perioperative deaths. In patients with follow up data available, all achieved biochemical resolution and at least partial clinical resolution of signs and symptoms associated with hypercortisolism. Resolution of hypertension, diabetes, and obesity was achieved in 64%, 29%, and 35% of patients carrying those diagnoses prior to surgery, respectively (5).
CONTRAINDICATIONS TO LAPAROSCOPIC ADRENALECTOMY IN THE CUSHING'S SYNDROME PATIENT
There are at least 3 situations when the laparoscopic approach to the adrenal may not or should not be the procedure of choice for patients with Cushing's syndrome. 
Surgical approaches to the adrenal gland
In the past, the open posterior retroperitoneal approach was favored by many adrenal surgeons because, when compared to the open anterior approach, it resulted in less pain, ileus, and other complications (39) . For laparoscopic adrenalectomy, the lateral transabdominal approach is preferred by most surgeons -the lateral decubitus position of the patient and the medial rotation of the viscera allow gravity to keep the liver, bowel, and spleen away from the surgical field. The posterior retroperitoneoscopic approach to the adrenal has not been found to be superior to the lateral transabdominal approach. However, this approach may be indicated in patients who have had prior upper abdominal surgery. Some surgeons prefer the posterior retroperitoneoscopic approach because of shorter operating time, reduced blood loss, reduced risk of injury to the viscera, and lack of interference from previous abdominal surgery (42) . Regardless of the approach, the keys to successful adrenalectomy are knowledge of the anatomy, delicate tissue handling, and meticulous hemostasis. Since clinical outcomes are similar amongst the different approaches for endoscope-based adrenalectomy (42) , the choice of the approach is dependent upon surgeon preference and the clinical scenario.
Laparoscopic technique
General endotracheal anesthesia is used. The patient is placed in the lateral decubitus position with the affected adrenal gland placed in the upper position. The operating table placed in the flexed position so that the patient's flank is maximally exposed in the extended position. The initial skin incision -1-cm in length -is 2 cm below and parallel to the costal margin and the pneumoperitoneum is established with carbon dioxide. Then the surgeon places 3 to 4 10-mm trocar ports -the laparoscope is initially placed through the most anterior trocar and working instruments through the other ports (camera and instruments are interchangeable throughout the dissection). The right adrenal gland approach involves: mobilization of the lateral attachments of the liver for medial rotation and elevation; inferior retraction of the kidney; exposure of adrenal vein and vena cava. The left adrenal gland approach involves: mobilization of the left colon along its attachments to the spleen; mobilization of the spleen and pancreas to allow a medial position; exposure of left adrenal vein/inferior phrenic vein junction; and mobilization of the adrenal gland along Gerota's fascia. For both the right and left adrenal glands, the main adrenal is vein identified, clipped and transected; the adrenal gland and tumor are resected and placed in a retrieval pouch and delivered via a port site. The adrenal vein may be transected early or late in the dissection depending on the ease of exposure. Most patients begin a clear liquid diet the evening of surgery and a regular diet the next day. Patients are encouraged to ambulate the evening of surgery. Most patients undergoing unilateral adrenalectomy may be dismissed from the hospital on postoperative day 1 or 2. Bilateral adrenalectomy patients and patients with severe Cushing's syndrome may require more than a 2-day hospitalization.
Efficacy of laparoscopic adrenalectomy
Prospective human randomized controlled trials comparing laparoscopic adrenalectomy to any of the open surgical approaches has not and will not be done (3) . In a prospective randomized study done at the Mayo Clinic, we examined the acute-phase response and wound healing in laparoscopic adrenalectomy versus open adrenalectomy in a cushingoid porcine model (17) . Nitrogen balance, wound scores, and tensile strength at 24 hours and 1 week were more favorable in the laparoscopic adrenalectomy group than the open adrenalectomy group. At least 20 case-control retrospective comparative studies in humans have evaluated the efficacy of laparoscopic adrenalectomy (3) . All of the studies reported less analgesia requirement, less blood loss, lower complication rate, and shorter hospital stay for laparoscopic than open adrenalectomy (3) . At Mayo Clinic, we performed a matched casecontrol study comparing 50 patients having laparoscopic adrenalectomy to 50 patients having adrenalectomy through the open posterior approach (6) . We found that laparoscopic adrenalectomy, compared to open adrenalectomy, was associated with shorter hospital stay, less postoperative narcotic use, more rapid return to normal activity, increased patient satisfaction, and less late morbidity. The late morbidity associated with posterior open adrenalectomy includes chronic pain, marked laxity involving the oblique muscles, and bothersome flank numbness (6) . The average conversion rate from laparoscopic to open adrenalectomy in a total of 2,550 patients from 28 reports was 3.6% (3). The reasons for conversion included bleeding, adhe-sions, difficulty of dissection, unexpected malignancy, large size of tumor, vascular invasion, inadvertent pancreatic injury, damage to the pleura, failure to identify the adrenal tumor, and unsuspected Bochdalek hernia (6, (43) (44) (45) (46) .
Risks of laparoscopic adrenalectomy
The surgeon sacrifices some tactile sensation, when compared to open surgery, and the small, flat, friable adrenal gland is manipulated with instruments in a 2-dimensional plane. The overall complication rate associated with laparoscopic adrenalectomy from a summary of 2,550 procedures was 9.5% (3). Some complications of laparoscopic adrenalectomy include conversion to open adrenalectomy, bleeding, gland fragmentation, wound hematomas, organ injury, port site incisional hernia (47) , and port site pain (48) . Nerve root pain has been reported with the posterior laparoscopic adrenalectomy approach (42) . There is risk of violating the tumor capsule and organ parenchyma during manipulation with the laparoscopic instruments. In one series involving 88 patients (43) there was a 12% postoperative complication rate (e.g., deep venous thrombosis, hematomas, anemia), a 3% conversion rate to open adrenalectomy, and no mortality. In a series of 560 adrenalectomies by the posterior retroperitoneoscopic approach the mortality was zero; conversions to open or laparoscopic lateral surgery were necessary in 9 patients (1.7%); major complications occurred in 1.3% of patients; minor complications in 14.4% (40) .
In patients with ACTH-dependent Cushing's syndrome, any viable cortical cells left behind in the patient will result in persistent/recurrent hypercortisolism (4). Recurrent adrenocortical carcinoma following laparoscopic adrenalectomy has been reported (49, 50) ; it is not known if the laparoscopic adrenalectomy approach is related to the recurrent disease. An additional concern about laparoscopic adrenalectomy for malignant adrenal disease is tumor seeding at the level of the port incision.
The mortality rate for 2,550 laparoscopic adrenalectomies was 0.2% (3); 4 of the 7 deaths occurred in patients with Cushing's disease who underwent bilateral laparoscopic adrenalectomy (3).
SUMMARY
Laparoscopic adrenalectomy is safe, effective, curative, and shortens hospitalization and convalescence. Laparoscopic adrenalectomy is the procedure of choice for the surgical management of Cushing's syndrome patients that have cortisol-producing adenomas (unilateral or bilateral), ACTH-dependent Cushing's syndrome and failed surgery for the removal of the source of ACTH, bilateral primary pigmented nodular adrenal disease, and ACTH-independent bilateral adrenal macronodular hyperplasia. Contraindications for laparoscopic adrenalectomy include adrenocortical carcinomas, very large tumors (e.g., > 10-cm in diameter), and patients with malignant ACTH-secreting pheochromocytomas. The keys to successful laparoscopic adrenalectomy are appropriate patient selection, knowledge of anatomy, delicate tissue handling, meticulous hemostasis, and experience with advanced laparoscopic surgery.
